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Description 

Field of the Invention 

' [0001] The present invention relates to peristaltic 
pumps and related apparatus. More particularly, the in- 
vention relates to compact peristaltic pumps and related 
apparatus suitable for providing compact pumping 
equipment such as a portable hemapheresis device. 

Background of the Invention 

[0002] Various automated hemapheresis systems for 
separating whole blood into two or more of its constitu- 
ents have been utilized in the past. Such devices are 
shown in US-A-4,851 ,126 and US-A-5, 188,588. 
[0003] Such systems are adapted for blood cell sep- 
aration generally and often specifically for platelet sep- 
aration. In general, such systems collect whole blood 
from the donor, separate the desired cells and return the 
remaining blood components to the donor usually 
through a single needle. Although, a separate return 
needle can be used, it is preferred that a single 
venepuncture needle be used both for col lection and re- 
infusion. Hemapheresis systems generally include a 
disposable set of bags, reservoirs and conduits. The use 
of peristaltic pumps to cause the blood fluids to move 
through the system is preferred because the blood and 
separated blood components can be moved through the 
device while it is wholly contained within the sterile dis- 
posable components, which are commonly referred to 
as a harness set. Harness sets include, at least; one 
venepuncture needle/at least one separation device for 
separating blood into its components, and at least one 
reservoir for containing blood. A plurality of conduits 
connects the needle, the separation device and the res- 
ervoir to each other. The conduits include a section 
formed of flexible elastomeric material so that blood can 
be moved through the conduits by means of peristaltic 
roller pumps. 

[0004] The preferred type of system includes, as a 
minimum, a single venepuncture needle, separation 
means for separating at least one constituent from 
whole blood, first and second reservoirs containing 
biood, a first conduit interconnecting the needle and the 
first reservoir, a second conduit interconnecting the first 
reservoir and the separation means, a third conduit in- 
terconnecting the separation means and the second 
reservoir, and a fourth conduit for returning blood com- 
ponents to the needle. Preferably, four separate peri- 
staltic pumps are provided to move the blood and the 
blood components through the conduits. 
[0005] Typically, systems of this general type also in- 
clude a microprocessor for controlling a number of 
pumps, clamps, detectors, monitoring systems, et cete- 
ra, for automating the collection of whole blood f rom the 
donor, separating the blood into plasma and cell con- 
centrate, collecting the plasma and reinfusing the cell 



concentrate into the donor using the harness set applied, 
to the instrument. After application of venepuncture to 
the blood donor, the instrument operates between alter- 
nating collection and reinfusion cycles. In the collection 

5 cycle, anticoagulated whole blood is pumped by a blood 
pump to the separator of the harness where it is sepa- 
rated into plasma which flows into a collection container 
and cell concentrate which flows to a reinfusion reser- 
voir. In the reinfusion cycle, the blood pump reverses to 

10 . flow cell concentrate from the reservoir through the phle- 
botomy needle to the donor. 
[0006] Peristaltic pumps are also used forthe delivery 
of other liquids such as medications, additives to fluid 
mixing processes, etc. A need has continued to exist for 

15 such apparatus that is compact and easy to use. 
[0007] US-A-3832096 discloses a peristaltic pump 
having a single rotor with sections for engaging separate 
lengths of tubing. The whole rotor is fixed to a driven 
shaft. 

20 [0008] US-A-4886431 also discloses a peristaltic 
pump having a single rotor with sections for engaging 
separate lengths of tubing. The races are individually 
separable from the sections. 

[0009] FR-A-2 396 880 discloses a pelistaltic pump 
25 having a single motor and at least two rotors each being 
selectively engageable to the single motor by means of 
an engagement mechanism. 

[0010] The present invention provides a pumping 
module assembly comprising at least two axially aligned 
30 peristaltic pumping rotors rotatably carried side by side 
on a single axle, 

a race aligned with each of the pumping rotors to 
engage flexible tubing to cause peristaltic flow upon 

35 rotation of the rotors, 

a separate motor associated with each of the peri- 
staltic pumping rotors, and 
a drive mechanism for operatively connecting each 
of the pumping rotors to a different one of the mo- 

40 tors. 

[001 1] In a preferred embodiment, at least one of the 
races is individually releasable from its associated rotor 
so that the pumping action of its associated rotor can be 

45 independently interrupted without interrupting the 
pumping action of the other rotors. 
[0012] In a preferred embodiment, the entire pumping 
module can be removable as a unit for service, repair, 
or replacement. 

50 [0013] Reference is made to the following drawings. 

Brief Description of the Drawings 
[0014] 

55 

Figure 1 is a perspective view of a portable auto- 
pheresis device of the present invention with the 
cover in the closed position; 
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Figure 2 is a top plan view of an embodiment of a 
harness set usable in connection with the present 
invention; 

Figure 3 is a front elevational view of a device in 
accordance with the invention with the pump mod- 
ule cover in the closed position and illustrating the 
open position of the cover by means of phantom 
lines; 

Figure 4 is an end view of the device of Figure 3; 
Figure 5 is a perspective view of a device in accord- 
ance with the invention with the harness set in- 
stalled; 

Figure 6 is a cross-sectional view of a pump module 
assembly in accordance with the invention taken 
the central shaft of the assembly; 
Figure 7 is. a cross-sectional view taken along line 

7- 7 of Figure 6; 

Figure 8 is a cross-sectional view taken along line 

8- 8 of Figure 6; 

Figure 9 is a cross-sectional view taken along line 

9- 9 of Figure 8; 

Figure 1 0 is a fragmentary sectional view of a pump 
assembly taken along line 10-10 of Figure 6 with 
blood flow tubing added and with an individual re- 
- lease mechanism in the open position; 
Figure 11 is a fragmentary cross-sectional view tak- 
en along line 1 0-1 0 of Figure 6 showing the individ- 
ual release mechanism in the closed position, also 
showing the blood flow tubing; 
Figure 1 2 is a perspective view of the pump module 
assembly and organizer frame components of the 
invention shown separated from each other for clar- 
ity; 

Figure 13 is a top plan view of the pump module 
assembly showing the organizer and blood tubes in 
place over the pumps; 

Figure 14 is a top plan view showing tubing clamps 

used in the device of the invention; 

Figure .15 is a cross-sectional view taken along, line 

1 5- 1 5 of Rgure 1 4; and 

Figure 16 is a cross-sectional view taken along line 

16- 16 of Rgure 15. 

Detailed Description of the Drawings 

[0015] Referring now to the drawings, there is illus- 
trated a portable autopheresis device, generally desig- 
nated 10. Device 10 includes a bottom portion 12 and a 
cover portion 14 hinged along an axis 16. A carrying 
handle 18 is provided which is hingedly connected to 
bottom portion 12 at hinge points 19. 
[0016] Referring to Figure 2, there is illustrated a dis- 
posable tubing or harness set generally designated 20. 
In accordance with the invention, harness set 20 is ap- 
plied to the hemapheresis device 1 0 as illustrated in Fig- 
ure 5 to effect collect of whole blood from a donor 
through a single needle, separation of the whole blood 
into packed blood cells and platelet poor plasma, and 



reinfusion of the packed blood cells to the donor. 
[0017] Tubing set 20 is provided with a single 
venepuncture needle set 22 for alternately receiving 
whole blood from a donor and reinfusing packed cells 

5 into the donor. Venepuncture needle set 22 communi- 
cates with a blood line 24. An anticoagulant line has an 
anticoagulant spike 18 at one end for reception in an 
anticoagulant supply container 30 illustrated in Figure 
5. At its opposite end, anticoagulant line 26 joins blood 

10 line 24 in a Y-connection closely adjacent the single 
venepuncture needle 22. 

[0018] Tubing set 20 also includes a reservoir 32. 
Blood line 24 is connected through port 38 at the lower 
end of the reservoir 32. Tube 44 extends into reservoir 

15 32 through an inlet port 48 at the upper end of reservoir 
32. Blood line 24 branches at a Y-connection 50 to 
branch line 52 connecting blood line 24 with Inlet port 
38 of reservoir 32, and to branch line 34 connecting 
blood line 24 to separator inlet 60. 

20 [0019] Tubing set 20 additionally includes a separator 
56 for separating anticoagulated whole blood into 
packed cells and plasma. Such separators are prefera- 
bly of a membrane type, known in the art. Separator 56 
has a whole blood inlet port 60, a packed cell outlet port 

25 58 and a platelet poor plasma outlet port 62. Line 64 
connects the packed cell inlet port 48 of reservoir 32 
with the outlet port 58 of separator 56. Conduit line 66 
connects the whole blood inlet port'60 of separator 56 
by means of Y-connections as shown with tubing 24. By 

30 means of a Y-connection tubing 66 is also connected by 
tubing 69 to a saline bag spike 71 . Lines 25 and 67 lead 
to pressure sensors. Tubing 68 connects between the 
plasma outlet port 62 of separator 56 and a plasma col- 
lection container 70. 

35 [0020] A tubing organizer 72, which may be formed 
either of solid or cellular plastic material, in the form of 
a rectangular frame open in the middle, is provided to 
hold the various tubing in a desired orientation. The tub- 
ing is snapped in place into slots 74 provided in the plas- 

40 tic material. The segments of the various tubes interact- 
ing with the pump assembly are thus positioned in reg- 
istry in relation to the pumps. The organizer can remain 
in place during the pumping operation, and the tubing 
can conveniently be removed as a unit. Preferably the 

45 organizer 72 is of an L-shaped configuration to provide 
physical stability and resistance to twisting. Lips 76 can 
be provided to snap into mating recesses in the cover 
of the pump assembly as further explained below. 
[0021] It is further contemplated that a second, atterr 

50 native, tubing set may also be employed substantially 
as described in U.S. Patent 4,851 ,126. The second tub- 
ing portion is generally utilized in order to further sepa- 
rate the blood into platelet concentrate and platelet poor 
plasma. The alternative tubing set is applied to the pump 

55 assembly of the present device in a manner similar to 
that described above in relation to the plasma collection 
tubing set described above. 

[0022] Referring to Figures 3, 4 and 6-12, the pump 
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module assembly generally identified by numeral 100 is 
shown in greater detail. A housing 102 is provided within 
bottom portion 12 of the hemapheresis device. Housing 
102 is provided with a cover 104 pivotally attached to a 
bracket 105. Cover 104 is releasabry locked in a closed 
^position by means of handle 106 provided with a clevis 
108 that engages opposite ends of a pin 110. Mounted 
in the upper part of housing 1 02 are a series of peristaltic 
pump rotor assemblies 112, 114, 116 and 118, herein- 
after referred to as "pumping modules", all of which are 
mounted on a single axle 122. Each of these pumping 
modules is provided with a plurality of rollers 120, of 
which there are four in the illustrated. embodiment. Shaft 
122 is journaled at its opposite ends in a bearing struc- 
ture 1 24 provided at opposite ends of housing.1 02. Each 
of the rollers 120 is outwardly biased by compression 
springs 126. 

[0023] As seen in Figure 6, the roller pump rotors may 
each be formed of two-part sheaves to which drive gears 
128 are bolted. Releasable race surfaces 130 and sta- 
tionary race surfaces 131 are provided to backstop the 
blood flow conduits when they are worked on by rollers 
1 20 as best seen In Figures 1 0 and 1 1 . The compression 
of the flexible tubes by the rollers 1 20 of the pumps pro- 
vides a peristaltic pumping action which moves fluid 
through the conduits. Reversible DC motors 132, 134, 
1 36 and 1 38 (not shown) are provided to reversibly drive 
each of the pumping modules 112, 114, 116 and 118. 
Gears 140 are attached to the motor shafts 142. Each 
of the gears 140 meshes with a driven gear 144 each of 
which are mounted on shafts 146 journaled for rotation 
through a supporting bracket 147. Gears 144 in turn 
drive gears 1 52 which are mounted on shafts .1 54 which 
are journaled for rotation through end walls 1 48 of hous- 
ing 1 50. At the opposite ends of shafts 1 54 are mounted 
drive gears 156 which mesh with and drive gears 128 
on each of the pumping modules: 
[0024] While the embodiment shown in the drawings 
illustrates the same gear ratios between each of the mo- 
tors and its respective pumping module, it will be appar- 
ent that the gear ratios can be varied if it is desired that 
one of the pumping modules 112, 114, 116 or 118 be 
driven at a speed different from that of the other of said 
pumping modules. Also it is contemplated that a differ- 
ent number of pumps, for example 2 or 6 can be incor- 
porated into the pump assembly. An assembly of four 
pumps is shown solely for purposes of illustration. 
[0025] By opening lever 106 the axle 122 and each of 
the pumps mounted on it can be removed as a unit as 
best seen in Figure 12. For example, in the event of a 
blood spill the entire assembly can be removed with one 
hand for cleaning, or otherwise, for maintenance. Addi- 
tionally, each of the concave race surfaces 130 can be 
individually released as shown in Figures 8, 10 and 11. 
Individual release mechanisms are provided by the use 
of release handles 160 which are pivotally attached to 
a rod 1 62 carried on cover 1 04. An eccentric end 1 64 of 
lever 1 60 bears against the upper surface of each indi- 



vidual member 132, the lower end of which forms race 
130. Thus, when the lever 160 is in the closed position 
illustrated in Figure 11 , the roller 120 flattens conduit 44 
between the roller and race surface 130, thus causing 

5 blood to be moved through conduit 44 in peristaltic fash- 
ion as the roller 120 is advanced. In the released posi- 
tion shown in Figure 1 0, the flow of blood through con- 
duit 44 can be interrupted. The ability to individually re- 
lease the pumping modules is useful for system fault iso- 

10 lation, emergencies, and other non-programmed oper- 
ational modes. 

[0026] The relationship or organizer 72 with the pump 
module assembly 1 00 is best seen by referring to Fig- 
ures 12 and 13. An internal cover 133 is positioned over 

15 pump module assembly 100. Internal cover 133 has a 
series of openings 135 through which the rollers 120 are 
exposed. Indented channels 1 34 are aligned with open- 
ings 135 to receive the various blood tubes. Additional 
indented grooves 136 are provided over the entire trans- 

20 verse width of cover 1 33 to accommodate blood tubing 
that is not to be engaged or acted on by any of the per- 
istalsis pumps. Cover 133 is further provided with exte- 
rior shoulders 138 that closely interfit with the interior 
surfaces of organizer frame 72. Placement of the frame 

25 72 over cover 133, thus, provides a mating fit by virtue 
of which the blood tubes are placed in precise registry, 
with grooves 133 of 4 or 136, as required. Organizer 
frame 72 is provided with projecting lips 76 that engage 
recesses 140 at the opposite ends of cover 133 to pos- 

30 itivefy allow the organizer frame 72 to be snapped and 

_ held in place. 

[0027] In addition to pump module assembly 100, 
cover 1 04 overlies projecting element 80 that is provided 
with a series of slots 82. Slots 82 are provided with lat- 

35 eral openings 83 which accommodate clamp fingers 84 
that, if required, can clamp off conduits 34, 52 and 68 
as seen in Figures 14-1 6. Fingers 4 can be operated by 
rocker arms 88 and 89 which are actuated by solenoid 
valves 86 and 87 are each controlled by software that 

40 operates each of the successive operations of appara- 
tus 10. Thus, for example, when blood is being re-ihject- 
ed into the patient, tubing 34 is clamped closed so that 
saline solution cannot enter tubing 24. Similar clamping 
or unclamping steps will be apparent to those skilled in 

45 the art, 

[0028] It will be noted in connection with the preferred 
embodiment that pump drive motors 134 and 136 are 
approximately half of the length of the pump module, 
thus allowing four motors to be located under the pump 

50 module assembly. The gear reduction assembly has 
symmetry about the center plane of the pump module 
assembly and is located outside of the housing 150. 
Shafts 154 are provided with seals to prevent blood or 
other fluids from entering the main body of the machine 

55 from within housing 150 in the event of a spill. It will be 
noted that since the pumping modules are radially re- 
movable from the gear train, they are removable for 
cleaning and maintenance without* disturbing the bal- 
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ance of the equipment. conveying blood, 

a pumping module assembly (100) according 
to Claim 1, each rotor (112,114,116,118) being 

Claims engageable with the conduits for activating the 

5 flow of blood through the conduits, 

1. A pumping module assembly comprising at least a housing (102) containing the pump module 
two axially aligned peristaltic pumping rotors assembly (100), and 
(112,114,116,118) rotatably carried side by side on a removable cover (104) on the housing for re- 
a single axle (122), taining the pump module assembly in the hous- 

,10 ing when the cover is closed and for permitting 

a race (130,131) aligned with each of the pump- removal of the pump module assembly from the 

ing rotors to engage flexible tubing to cause housing when the cover is opened, 
peristaltic flow upon rotation of the rotors, 

a separate motor (132,134,136,138) associat- 8. A pumping module assembly according to Claim 6, 

ed with each of the peristaltic pumping rotors is wherein the drive mechanism comprises a shaft 

(112,114,116,118), and (154) extending through a seal positioned in a sur- 

a drive mechanism (140,144,152,156,128) for face of the housing (102), whereby the pump mod- 

operatively connecting each of the pumping ro- ule assembly (100) is separated from . the motors 

tors to a different one of the motors. (132,134,136,138) as an integral unit. 

20 

2. A pumping module assembly according to Claim 1 

wherein at leastoneofthe races (130) is individually PatentansprOche 
releasable from its associated rotor (112,114,116, 

118) so that the pumping action of its associated 1. Pumpenmodulbaugruppe mit mindestens zwei axi- 

pumping rotor can be independently interrupted 25 alausgerichteten, drehbarnebeneinanderauf einer 

without interrupting the pumping action of the other einzelnen Achse (122) gelagerten peristaltischen 

rotors. Pumpenrotoren(112, 114, 116, 118), 

3. A pumping module assembly according to Claim 1 ejnem mit jedem der Pumpenrotoren ausge- . 
wherein the races are carried by a cover (1 04) that 30 richteter Laufring (1 30, 1 31 ) zum Eingriff flexi- 
is movable to an opened position for permitting re- bier Schlauche,. urn bei Drehung der Rotoren 
moval of the pumping rotors (112,114,116,118) at- peristaltische Stromung hervorzurufen, 
tached to the single axle (122). einem separaten Motor (132, 134, 136, 138), 

der jeweils den peristaltischen Pumpenrotoren 

4. A pumping module assembly according to Claim 3 35 (112, 114, 166, 118) zugeordhet ist, und 
wherein the cover (104) is pivotable between the einem Antriebsmechanismus (140, 144, 152, 
closed position and the opened position. . 156, 128), urn die Pumpenrotoren jeweils zum 

Betrieb mit einem anderen Motor anzuschlies- 

5. A pumping module assembly according to any pre- sen. 
ceding claim wherein the drive mechanism compris- *o 

es drive gears (156) driven by the motors 2. Pumpenmodulbaugruppe nach Anspruch 1 , bei der 

(132,134,136, 138) and a driven gear (128) is at- mindestens einer der Laufringe (130) einzeln von 

tached to each of the pumping rotors and adapted seinem zugeordneten Rotor (112, 114, 116, 118) 

to engage the drive gear, the driven gears (128) be- losbar ist, so dass die Pumpwirkung seines zuge- 

ing radially separable from the drive gears (156). *s ordneten Rotors unabhangig unterbrochen werden 

kann ohne dass die Pumpwirkung der anderen Ro : 

6. A pumping module assembly according to any pre- toren dabei unterbrochen wird. 
ceding claim, including a base surface, each pump- 
ing rotor (112,114,116,118) carrying rollers (120) 3. Pumpenmodulbaugruppe nach Anspruch 1 , bei der 
circumferentially spaced about its periphery, at so die Laufringe von einer Aodeckung (104) gehalten 
least a portion of each pumping rotor extending werden, die zur Entnahme der Pumpenrotoren 
through the base surface, the axle (122) extending (112, 114, 116, 118), die an der einzelnen Achse 
parallel to the base surface with the rollers spaced (122) befestigt sind, in eine geoffnete Position be- 
radially from the axle, wegt werden kann. 

55 



7. A blood processing apparatus comprising: 

an array (20) of flexible blood flow conduits for 



4. Pumpenmodulbaugruppe nach Anspruch 3, bei der 
die Abdeckung (1 04). zwischen der geschlossenen 
und der geoffneten Position geschwenkt werden 
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kann. 

5. Pumpenmodulbaugruppe nach einem der vorher- 
gehenden Anspruche, bei der der Antrichsmecha- 
nismus von den Motoren (132, 134, 136, 138) an- 
getriebene Zahnradgetriebe (156) umfasst, und ein 
angetriebenes Zahnrad (1 28) jeweils mil jedem der 
Pumpenrotoren verbunden und so angepasst ist, 
dass es am Zahnradgetriebe angreift, wobei die an- 
getriebenen Zahnrader (128) radial von den Zahn- 
radgetrieben (156) getrennt werden konnen. 

6. Pumpenmodulbaugruppe nach einem der vomer- 
gehenden Anspruche, eine Grundflache umfas- 
send, wobei jederPumpenrotor(112,114, 116, 118) 
auf seinem Umfang umlaufend beabstandete Wal- 
zen (120) tragt, wobei sich jeweils mindestens ein 
Abschnltt jeden Pumpenrotors durch die Grundfla- 
che erstreckt, wobei sich die Achse (122) parallel 
zu der Grundflache erstreckt und die Walzen radial 
von der Grundflache beabstandet sind. 

7. Blutaufbereitungsvoirichtung mit: 

einer Anordnung (20) von flexiblen Blutflusslei- 
tungen zum Transport von Blut, 
einer Pumpenmodulbaugruppe (1 00) nach An- 
spruch 1, wobei, jeder Rotor (112, 114, 116, 
118) mit den Leitungen verbunden werden 
kann, urn den Fluss des Blutes durch die Lei- 
tungen anzuregen, 

einem Gehause (102), das die Pumpenmodul- 
baugruppe (1 00) enthalt, und 
eine abnehmbare Abdeckung (1 04) am Gehau- 
se, urn die . Pumpenmodulbaugruppe im Ge- 
nause zuruckzuhalten, wenn die Abdeckung 
geschlossen ist, und urn eine Entnahme der 
Pumpenmodulbaugruppe aus dem Gehause 
zuzulassen, wenn die Abdeckung geoffnet ist. 

8. Pumpenmodulbaugruppe nach Anspruch 6, bei der 
der Antriebsmechanismus eine Welle (154) um- 
fasst; die sich durch eine in einer Oberflache des 
Gehauses (1 02) bef indliche Dichtung erstreckt, wo- 
bei die Pumpenmodulbaugruppe (100) von den Mo- 
toren (132, 134, 136, 138) als etne Einbaueinheit 
getrennt ist. 

Revendlcations 

1. Ensemble de modules de pompage comprenant: 

au moins deux rotors de pompage peristaltique 
axialementalignes(112, 114, 116, 118) montes 
de fagon tournante cdte a cote sur un meme 
arbre(122), 

un chemin de roulement ( 1 30, 1 31 ) aligne avec 



chacun des rotors de pompage de maniere a 
etre en contact avec un tube soupie pour en- 
gendrer une circulation peristaltique lors de la 
rotation des rotors, 
5 un moteur separe (1 32, 1 34, 1 36, 1 38) associe 

a chacun des rotors de pompage peristaltique 
(112,114,116, 118), et 

un mecanisme d'entrainement (1 40, 1 44, 1 52, 
1 56, 128) pour relier fonctionnellement chacun 
io des rotors de pompage a un moteur different 

des dits moteurs. 

2. Ensemble de modules de pompage selon !a reven- ; 
dication 1 , dans lequel au moins un des chemins de 

is roulement (130) est indiyiduellement libdrabte de 
son rotor associ6 (112, 114, 116, 118) de sorte que 
Taction de pompage de son rotor de pompage as- 
socie peut etre interrompue de fagon independante 
sans interrompre Taction de pompage. des autres 

20 rotors. 

3. Ensemble de modules de pompage selon la reven- 
dication 1 , dans lequel les chemins de roulement 
sont portes par un couvercle (1 04) qui est deplaca- 

25 ble a une position ouverte pour permettre Tenleve- 
ment des rotors de pompage (112, 114, 116, 118) 
montes sur le meme arbre (122). / 

4. Ensemble de modules de pompage selon la reven- 
30 dication 3, dans lequel le couvercle (104) peut pi- 
voter entre la position f ermee et la position ouverte. 

5. Ensemble de modules de pompage selon une quet- 
conque des revendications precedentes, dans le- 

35 quel le mecanisme d'entrainement comprend des 
pignons d'entrainement (1 56) entralnes par les mo- 
teurs (132, 134; 136, 138), et un pignon entraine 
(128) est attache a chacun des rotors de pompage 
et agencd de maniere a engrener avec le pignon 

40 d'entrainement, les pignons entraTnes (128) etant 
radialement separabies des pignons d'entraine- 
ment (156). 

6. Ensemble de modules de pompage selon une quel- 
ls conque des revendications precedentes, incluant 

une surface de base, chaque rotor de pompage 
(112, 11 4, 11 6, 11 8) portant des galets (1 20) circon- 
ferentiellement espaces autour de sa peripherie, au 
moins une portion de chaque rotor de pompage 
50 s'6tendant a travers la surface de base, Tarbre (1 22) 
etant parallele a la surface de base et les galets 
etant espaces radialement de I'arbre. 

7. Appareil de traitement du sang comprenant : 

55 

un ensemble (20) de conduits souples de cir- 
culation de sang, pour transporter le sang, 
un ensemble de modules de pompage (100) 
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selon la revendlcation 1, chaque rotor (112, 
114, 116, 118) pouvant .attaquer les conduits 
pour engendrer la circulation de sang dans les 
conduits, 

un carter (1 02) contenant {'ensemble de modu- s 
les de pompage (1 00), et 
un couvercle amovible (1 04) place 1 sur le carter 
pour retenir rensemble de modules de pompa- 
ge dans le carter lorsque le couvercle est fer- 
ine, et pour permettre I'enlevement de I'ensem- 10 
ble de modules de pompage hors du carter lors- 
que le couvercle est ouvert. 

8. Ensemble de modules de pompage selon la reven- 
dication .6, dans lequel le mecanisme d'entraTne- is 
ment comprend un arbre (1 54) s'etendant a travers . 
une garniture d'etancheJtd pfacSe dans une surface 
/ du carter (1 02), de sorte que Pensemble de modules 
de pompage (100) est separ6 des moteurs (132, 
1 34, 1 36, 1 38) comme un ensemble solldaire. 20 



25 



30 



35 \ 



40 



45 



50 



55 



7 



EP0 679 099B1 




EP0679 099B1 




9 



EP0679 099B1 




10 



EP 0679 099 B1 




11 



EP 0 679 099 B1 




EP 0 679 099 B1 





13 



EP 0 679 099 B1 




EP 0 679 099 B1 




15 



EP0 679 099 B1 




16 



